The autolysis of mature fruiting bodies of Coprinus Zagopus is caused by the degradation of cell walls. This process is accomplished by the action of chitinases which are newly formed shortly before spore release begins. Chitinase activity is localized intracellularly in vacuoles together with other hydrolytic enzymes. It is released into the wall upon cessation of metabolic activity in senescing gills.
I N T R O D U C T I O N
Members of the genus Coprinus are characterized by a rapid autolysis of the mature fruiting body. Elucidation of such a lytic process should involve a study of the relevant hydrolytic enzymes as well as their intracellular localization and function in the living organism. Constitutive digestive enzymes which eventually autolyse yeasts are localized in the vacuoles (Matile & Wiemken, 1967) . Thus, autolysis appears to represent an extreme case of intracellular lysis which normally takes place in a special compartment, the lysosome (see Matile, 1969) . The present study concerns the intracellular localization of hydrolases in Coprinus Zagopus. Special attention has been paid to the role of lysosomes and lysosomal enzymes in autolysis in mature gills.
METHODS
A strain of Coprinus lagopus Fr. isolated from horse-dung was used. Mycelia were grown in a liquid medium containing, in g./l.: glucose, 10; Hammerstencasein, 2.5; KH2P04, 2; MgSO, . 7H20, 0.2; thiamine, 0.005 and trace elements [in rng.11. :
Fe(NH4)(S04)2. 6H,O, 5 ; ZnS04. 7Hz0, 25 ; CuSO,. 5H20, 1-25 ; MnSO,. H,O, 0.25 ; H3B03, 0.25; Na2Mo04.H20, 0.251. 500 ml. conical flasks with 200 ml. medium were inoculated with a suspension of spores and agitated on a reciprocal shaker at 28' . Fruiting bodies were obtained in cultures in glass cylinders (10 cm. diameter) containing roo ml. of solid medium containing (g./l. water): malt extract, 10; Difcoyeast extract, 4; glucose, 4; 10 . A piece of vegetative mycelium of about I cm2 grown on a solid medium was placed on this nutrient agar and an incandescent lamp (tungsten filament bulb, 75 W) was installed 80 cm. from the culture vessel, Illumination of the cultures for 8 hr/day at 28" led to the first fruiting bodies maturing 7 days after inoculation.
Fractionation. Cell-free extracts used for preparing subcellular particles and for the determinations below were obtained by squeezing gills with pestle and mortar in a sorbitol medium (0.3 M-sorbitol, o-oz~-tris-HCL buffer pH 7.4, I m~-EDTA).
Quartz was added for extracting vegetative mycelia. No buffer was added if extracts were used only for the determinations below.
Preparation of vacuoles. Cell-free extracts were centrifuged at a low speed (10 min. 5008) which removed unbroken cells and walls. A mitochondrial fraction containing vacuoles was obtained by differential centrifugation at Io,ooog for 10 min. Two postmitochondrial fractions sedimented at 40,ooog (10 min.) and I so,ooog (30 min.) respectively. The h a 1 supernatant represented the soluble fraction. The sediments were washed once with sorbitol medium. Vacuoles were isolated using isopycnic gradients of Ficoll (Pharmacia Uppsala) ranging from 20 % (wlv) Ficoll (in o*z~-sorbitol) to 0.5 M-sorbitol. The gradients (4-5 ml.) were loaded with 1.0 ml. of mitochrondrial fraction suspended in sorbitol medium. 0.01 % (w/v) Triton X-IOO was added to prevent aggregation of particles. Centrifugation was carried out for 2 hr at 39,000 rev./min. in a Spinco SW 39 rotor. A large proportion of vacuoles was trapped at the top of the Ficoll gradients. These particles were purified by flotation in the presence of 8 % (w/v) Ficoll (in 0.3~-sorbitol) through a layer of 6 % (w/v) Ficoll prepared in 0 . 3~-sorbitol. Determinations. Activities of hydrolytic enzymes were measured at 37" using the substrates and buffers listed in Table I . Chitinase from Coprinus hydrolyzes the chitin present in extensively purified cell walls from gills of Coprinus fruiting bodies isolated according to Crook & Johnston (1962 
RESULTS
Morphology of the developing fruiting body. Mycelia of Coprinus lagopus placed on solid nutrient media developed into mats about 5 cm. in diameter within 5 days. At this time small primordia were formed which subsequently developed into fruiting bodies. This process has been described in detail by Buller (1924) and Borriss (1934) . The macroscopical and microscopical events which were observed under the conditions used are summarized in Table 2 . The zero point of the time axis is the time at which the first spores were released.
The first spores released originated from the edges of the gills adjacent to the stipe. Soon after a region released its spores its autolysis began. The resulting liquor was sucked by capillary forces into the intact regions of the gills where it dissolved the cells. A zone of spore release followed by a zone of autolysis moved peripherally and reached the edge of the pileus within about 5 hr.
Physiology of the developing fruiting body. Slices of intact gills were placed in drops of liquor from autolysing fruiting bodies and incubated at 25'. It appeared that the cell walls were degraded. This process could be followed in the phase contrast microscope. It was completed within about 3 hr. By using the digestive capacity of autolysate liquor, naked protoplasts could be prepared from undifferentiated hymenia. If young gdls (corresponding to a developmental stage of -20 hr ; Upon incubation of C. lagopus cell walls with autolysate liquor the formation of total reducing groups was about 30 times more active than the production of the monomer N-acetylglucosamine. It thus appears that C. lagopus formed mainly chitinase; only low activities of chitobiase seemed to be present in the autolysing fungus.
Chitinase activity was lacking in the vegetative mycelium and young fruiting bodies. The enzyme was synthesized about 2 hr before spores were released (Fig. I) . The synthesis of chitinase proceeded rapidly for about 3 hr; thereafter the activity decreased gradually towards the end of autolysis. Fig. I also shows that, unlike chitinase, proteases and RNase were present in extracts of gills of immature fruiting bodies and also in the vegetative mycelium. The process of differentiation of fruiting bodies was characterized by an increase of protease activities towards the beginning of autolysis and by a subsequent decrease. The protein content of gills began to decrease about 3 hr before the beginning of autolysis. Moreover, the activities of two respiratory enzymes decreased much faster than the total protein and were almost zero at the end of autolysis. Similarly the RNA content began to fall sharply at -2 to 3 hr. The above estimations concern a heterogeneous tissue containing cells at different stages of development ; nevertheless they may reflect physiological events taking place during development of fruiting bodies. The data suggests that autolysis is not exclusively responsible for the decreasing protein and RNA contents in fruiting bodies which approach maturity. Since these events take place several hours before autolysis begins it seems to be likely that they are caused by cellular lytic processes which take place in lysosomes.
Subcellular localization of digestive enzymes. Lysosome-like structures were extracted from both vegetative mycelia and fruiting bodies. One criterion used for demonstrating the existence of lysosomes was sedimentability of hydrolases. These enzymes were partially sedimentable from extracts of vegetative mycelia but a large proportion occurred in the soluble fraction. The data in Table 3 indicate that a large proportion of the sedimentable activity was contained in a 'mitochondrial fraction'. Similar results were obtained with extracts from gills.
Upon centrifugation of mitochondria1 particles loaded on gradients of Ficoll the activities of several lysosomal enzymes were trapped at the top of the gradient but some activity was distributed throughout the gradient (Fig. 2) . If gills containing chitinase activity were used for preparing lysosomes, the distribution of this enzyme in the gradient corresponded with that of other hydrolases tested, viz. acid and alkaline protease, RNase, phosphatase and ,!?-glucosidase. Coinciding distribution curves of chitinase and other hydrolases were also obtained upon centrifugation in density gradients of sucrose or Urografin. Thus chitinase appeared to represent a lysosomal enzyme. Phase contrast microscopy of particles trapped at the surface of a Ficoll gradient showed vacuoles 0.5 to 4 pm. in diameter (Pl. I c). Particles present in gradient zones of higher density were smaller (I pm.) . To demonstrate that the enzymes were enclosed in the vacuolar structures, it was necessary to test the respective preparations for free hydrolase activity. Some activity appeared to be free when osmotically stabilized particles were incubated, but the disintegration of these structures previous to incubation resulted in a doubling of the activities measured. If the vacuoles were further purified by flotation in Ficoll the percentage of latent activity increased markedly (Table 4) . It thus seems that the vacuoles represent lysosomes. The relatively high proportion of hydrolase activities present in the soluble fraction was undoubtedly due to rupture of large vacuoles during grinding or squeezing of hyphae. Extracts from young mycelia, grown for 45 hr, contained about 23 % of sedimentable protease activity, as compared with mycelia grown for 10 days which yielded only I 1-4 % protease activity. The number of large vacuoles which cannot be extracted in intact form is much larger in old than in young hyphae. The micrograph in P1. I a, b shows that the first small vacuoles occur at about IOO pm. from the growing tip of the hypha. With increasing age the vacuoles gradually inflate and at about 2 mm. from the tip the cells appear to be completely vacuolated. The size of the isolated vacuoles suggests that only a zone between IOO and 500 pm. from the tip yielded vacuoles extractable under the conditions used. A similar situation must be assumed in lamellar hyphae. Isolated vacuoles could also be identified by freeze-etching. The fine structure of their membrane corresponded with that of vacuoles observed in situ (Pl. Id, e).
The role of vacuoles in intracellular lytic processes not only appears from their content of hydrolytic enzymes but also from a feature of the tonoplast which appears from the examination of freeze-etchings. Tonoplasts often show invaginations which encapsulate cytoplasmic material (Pl. 2a, c). This process results in the formation of intravacuolar vesicles which are occasionally very numerous in vegetative and hymenial cells (PI. z b). They can also be observed in isolated vacuoles by freeze-etching or phasecontrast microscopy. The relatively high amount of protein present in preparations of isolated vacuoles is probably due to cytoplasmic material in the cell sap. Intravacuolar vesicles probably decay soon after cleavage of their membrane from the tonoplast ; subsequently their cytoplasmic content would be degraded by the action of lysosomal enzymes.
DISCUSSION
The lysosomal enzymes localized in vacuoles of Coprinus fall into two categories.
A first group of enzymes comprises hydrolases which are present throughout the life cycle of the fungus. Acid and alkaline protease, RNase, phosphatase and / 3-glucosidase have been found in vacuoles isolated from vegetative mycelium as well as from gills. Coprinus vacuoles represent a type of lysosome which does not contain acid hydrolases exclusively; the alkaline protease has an even more pronounced activity than its acid counterpart. The group of enzymes mentioned above appears to W. ITEN AND P. MATILE be involved in lytic processes which represent a conspicuous feature of metabolism. The cytoplasm of old hyphae is almost completely replaced by large vacuoles; its mobilization takes place during the process of vacuolation which begins in a zone near the tip of the hyphae. The mechanism of formation of digestive vacuoles seems to correspond essentially to that found in other organisms such as root-tip cells (Matile & Moor, 1968) and yeast (Matile, 1970) . It involves a pinocytosis-like activity of the tonoplast that results in the formation of intravacuolar vesicles which are presumed to be labile. After the decay of these structures their cytoplasmic content is digested by the action of the vacuolar hydrolases.
A second group of lysosomal enzymes is represented by chitinolytic enzymes, mostly chitinase. They seem to have no function in intracellular digestion since they are synthesized shortly before autolysis begins in gills. It is not yet clear whether the cells actively secrete these enzymes into the walls and thus induce their own autolysis or whether passive release occurs from cells whose metabolic activity has ceased completely. The second possibility seems to be more likely because the maturation of the fruiting body is accompanied by a rapid decrease of the activity of respiratory enzymes. This suggests that in those cells which autolyse first the respiratory activity is extinguished at the moment of spore release. The functional significance of autolysis with regard to the release of spores in Coprinus has been extensively described by Buller Certain hydrolases belonging to the first group have a dual, intracellular and extracellular function. If vegetative mycelia are nourished with a proteinaceous nitrogen source such as casein the secretion of acid and alkaline protease into the culture medium can be observed. The release of hydrolases then is most probably not accomplished by autolysing cells. Active secretion via secretory granules is more likely involved as has been observed in Neurospora crassa (Matile, 1965; Matile, Jost & Moor, 1965) .
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